crops and where residual N is not quantified or during years of excessive rainfall when N loss via leaching,
before planting each year provided approximately 80 kg N ha Ϫ1 , which cotton receiving 101 kg N ha Ϫ1 and 134 kg N ha Ϫ1 did proved to be adequate in three consecutive years for optimum cotton not yield significantly greater than cotton receiving 67 kg production under a no-till system.
N ha

Ϫ1
. On the Grenada soil, N applications significantly increased cotton yields in only 2 of 5 yr, whereas on a Commerce very fine sandy loam soil, yield increased I mproving the N nutrition of cotton could substaneach of the 5 yr. tially increase plant growth and yield. However, Miley and Maples (1988) reported that the petiole increasing the rate of N fertilization to overcome N NO 3 -N test proved to be a reliable indicator of the N limitations may not be successful because production status of cotton from third week of squaring through problems occur when N supply exceeds the quantity the eighth week of flowering. required by the crop (Anderson, 1975) . Nitrogen nutriIn areas of intensive poultry production, most poultry tion plays a critical role in cotton production, and it is litter (a combination of manure plus bedding materials) also very difficult to manage relative to other essential is commonly applied to pastures and hay fields as an nutrients. Nitrogen plays an important role in balancing alternative source of plant nutrients. However, the use vegetative and reproductive growth, yield, and lint qualof litter on row crops such as corn (Zea mays L.) and ity. Growers use different techniques such as multiple N cotton has not been as extensive as on pasture (Bitzer applications, use of starter fertilizer, petiole monitoring, and Sims, 1988; Kingery et al., 1994; Burmester et al., plant leaf analysis, and N fertilizer placement to opti-1991) . Many row crop farmers have been reluctant to mize N use efficiency in cotton (Mitchell, 2000) .
use litter on their crops, particularly cotton, for many In southeastern USA, N recommendations for cotton reasons, partially due to lack of extensive and applied are based on the results of field trials research, which research to demonstrate the agronomic and environare generally satisfactory for continuous cotton crops in mental benefit of poultry litter on cotton production. years with optimal rainfall. However, recommendations Poultry litter is a relatively inexpensive source of both become less reliable for cotton where it follows other macronutrients (N, P, K, Ca, Mg, and S) and micronutrients (Cu, Zn, Fe, Mn, and B) and has been reported to cotton production. Specifically, this study investigates the optimal quantity of N from litter or the combination Published in Agron. J. 96:806-811 (2004). of litter N and supplemental inorganic N for optimum  American Society of Agronomy 677 S. Segoe Rd., Madison, WI 53711 USA cotton yield production. (SAS Inst., 1998) . Because of the significant (P Յ 0.05) differ-
MATERIALS AND METHODS
ences in yield among years, the data were sorted, analyzed, A field plot experiment was conducted on cotton farmland and reported by year. Annual yield means and nutrient uptake during [2000] [2001] [2002] , respectively) as sidedress during the four-to six-leaf growth stage. Ten random cotton leaves (blade plus petiole), the fifth leaf below the terminal, were collected from Rows 2 and 3 and 10 from Rows 6 and 7 of each plot at the first week of full bloom, fifth week of bloom, and first week of cutout for nutrient concentration determination. The two center rows were harvested for yield (lint plus seed) determination.
In April 2000, before litter application, initial soil samples were taken from each plot at the 0-to 5-and 5-to 15-cm soil depth. Table 1 shows background soil chemical properties of the site. Surface soil samples (0-5 cm) were also taken before the sidedress N application in each growing season. The following chemical analyses were performed on dried (65ЊC) cotton leaves and soil samples (air dried). The pH was measured in a 1:1 soil/water ratio using 10 g of soil. Total N (TN) and total C (TC) were measured by dry combustion using CE Elantec (formerly known as Carlo Erba; CE Elantec, Lakewood, NJ) CN analyzer. Soil samples were extracted with 0.01 M KCl (1:10 soil/KCl) using 2 g of soil and analyzed for nitrate (NO 3 -N) and ammonium (NH 4 -N) using a Dionex-500 Ion Chromatograph (Dionex Corp., Sunnyvale, CA) (Mulvaney, 1996) . Soil samples were also extracted with Mehlich-3 soil extractant (Mehlich, 1984) (1:10 soil/extractant) using 2 g of soil, shaken for 30 min and filtered through 2V Whatmanbrand filter paper for the determination of P and metals using a Thermo Jarrell-Ash Inductively Coupled Plasma Spectrophotometer (Thermo Jarrell-Ash, Franklin, MA). Approximately 0.8 g of plant tissue was ashed in a muffle furnace (30400, Thermolyne Corp., Dubuque, IA) at 500ЊC for 4 h. The ash was dissolved first in 1.0 mL of 6 M HCl for 1 h, followed by 50 mL of a double-acid solution of 0.0125 M H 2 SO 4 and 0.05 M HCl, and the mixture was allowed to stand for another hour before filtration (Southern Coop. Ser., 1983) . The ashed samples were used for the following analyses using inductively coupled plasma: total P, K, Ca, Mg, Cu, Fe, Mn, and Zn.
The data were analyzed using the GLM procedure of SAS ing seasons. In 2000, very wet soil condition in April ha Ϫ1 (based on litter analysis), which proved to be adequate in each growing season for cotton under no-till delayed the planting, and the lack of adequate soil moisture during July, August, and September impacted the production. At the same time, our cooperator was applying 67 kg N ha Ϫ1 (60 lb N acre
Ϫ1
) on his cotton cotton yield tremendously. The most favorable precipitation quantity and distribution was during 2001, which field, just for assurance. It must be noted that the high yield from control plots is attributed to the optimum resulted in a high cotton yield. In 2002, wet April and May delayed planting, and a wet September and Octosoil fertility condition, which has resulted from longterm broiler litter application annually and an efficient ber delayed harvest, which resulted in a lower yield than in 2001 (Fig. 1) .
mineralization of litter N during cotton growing season (Guthrie et al., 1994) . The background soil analysis indicated a good supply of C, N, and P in the topsoil
Cotton Yield
(0-15 cm). The C/N ratio of the background soil was The weather conditions, particularly precipitation, 12:1, a ratio that favors mineralization of litter N in during the three growing seasons varied considerably, contrast to immobilization of N under a greater C/N which impacted the cotton yield significantly. The smallratio (Table 1) (Fig. 2) . This trend followed the precipitation pattern in which the 2000 growing season was the driest,
The total N content of cotton leaves (average of three growth stages) varied among the treatments from year and the 2001 growing season represented one having optimal soil moisture conditions. The supplemental N to year without following a particular trend (Table 2) . In 2000 (a dry year), leaf N content was significantly application did not have an impact on cotton yield in 2 of the 3 yr. In the 2000 growing season, the cotton yield greater for the 34 kg N ha Ϫ1 supplemental N rate than other rates while leaf N content of cotton for the 0, 67, was significantly greater under no supplemental N or 34 kg N ha Ϫ1 than higher N rates (Fig. 2) . However, and 101 kg N ha Ϫ1 rates was the same. However, in 2001, leaf N content for cotton plants receiving zero under the more favorable soil moisture conditions in 2001, no significant yield differences were observed by supplemental N was significantly lower than for other N rates, suggesting a better N use efficiency under optiincreasing supplemental N rates up to 101 kg N ha were within the range suggested by Benton et al. (1979) and Mullins and Burmester (1990, 1993) . This is an (Table 2) . Tables 3a, 3b , and 3c show the leaf at later stages for all 3 yr. Based on the calculation from Tables 3a, 3b , and 3c, the rate of N depletion from the † Supplemental N was injected in the soil as sidedress in the form of urea ammonium nitrate solution.
first week of bloom to the week after cutout for all 3 yr ranged from 22 to 37% for the zero rate while this Table 3c . Cotton leaf N, P, and K content at three growth stages range was 11.5 to 29% for the highest supplemental N for different supplemental N rates during 2002.
rate. Since there were no significant differences in cotton Tables 3a, 3b , and 3c). The conclusion drawn from this research study may ing to improve N use efficiency under a no-till system.
2001
During the life of this study, precipitation had the great- (1 ton acre
Ϫ1
) on an annual basis for a long time (20 yr in this study) may not require additional N for optimal growing season (Tables 4 and 5 ). The supplemental N cotton yield production. rates did not impact soil pH. Soil N and C content did not increase with the addition of supplemental N ACKNOWLEDGMENTS (Table 4) . There was an increase in soil N and C content at the 0-to 5-cm soil depth from 2000 to 2002. However, Burmester. 1990 . Nitrogen, phosphorus, and
